Abstract Rice miso is a traditional Japanese seasoning food which are not only prolonging the consumption term, but also has good sensory characteristics. So thus, rice miso is very popular in Japan. In the present study, in order to improve the potential functionality, we processed rice miso adding with kidney bean (RMKB), red bean (RMRB) and buckwheat (RMBW), respectively. DPPH radical-scavenging activity, melanoidin and polyphenol content, and enzyme inhibitory activity were detected in rice miso products at different fermentation period (0, 3, 6, 24, 36 months), respectively. The results showed the DPPH radical-scavenging activity of each rice miso product was increased with prolonging the fermentation period, and RMKB showed the highest DPPH radical-scavenging activity in different rice miso products at 6, 24, 36 months. Moreover, DPPH radical-scavenging activity, melanoidin and polyphenol content of rice miso with kidney bean (RMKB) were significantly higher than those of rice miso (RM; as control) in methanol fraction purified by Diaion HP-20 column. RMKB-24M showed the highest antioxidant activity which was a better process to produce high antioxidant profiles. Furthermore, the melanoidin content in rice miso products was approximately 6-folds higher than polyphenol content. Comparing with polyphenol, melanoidin was the main antioxidant material in the rice miso products. In addition, RMKB-24M showed stronger α-glucosidase and lipase inhibitions. These results suggest rice miso with kidney bean had useful components, in particular, potential applications for antioxidant, and the treatments of diabetes and anti-obesity.
Introduction
Lifestyle diseases such as diabetes and hypertension affect the overall risk of death [1] . In recent years, lifestyle diseases have rapidly increased in the 30s and 40s, and children have also seen signs of it. Dietary life with high calorie and high fat diet not only promotes obesity but also promotes the onset of hyperlipidemia and diabetes and further causes heart disease [2] . According to an epidemiological approach, Marshall reported that humans with high fat intake had high blood insulin levels when fasting [3] . Chijimatsu also reported that blood cholesterol in rats fed a high cholesterol diet was increased [4] .
Soybeans and their fermented products are famous and popular in Asian diets [5] . With the improvement of sensory characteristics and nutritious components, fermentation has become a beneficial and healthy method in food processing. As a traditional Japanese seasoning, rice miso is fermented by boiled soybean and rice-malt. It has been reported that rice miso has physiological effects as lipid peroxidation-inhibiting action, anti-hypertension, antimutagen and blood glucose level elevation-inhibiting action [6, 7, 8] .
Kidney bean is accounting for about 60% of beans in Hokkaido, Japan. It contains a large amount of dietary fiber and anthocyanin with various physiological effects such as antioxidant activity, glycolysis-inhibitory activity, Anti-obesity and Anti-cancer [9, 10, 11, 12] .
In this study, in order to development and utilization of kidney bean, we fermented Japanese traditional food rice miso with kidney bean (RMKB), and clarify the antioxidant activity and enzyme inhibitory activity with different fermentation period to compared with rice miso (RM).
Materials and Methods

Materials
For the experiment, we purchased kidney bean (Phaseolus vulgaris L.), soybean (Glycine max), rice-malt, salt, seed miso from supermarket. Rice-malt was purchased from the Salt Industry Center (Japan).
Folin-Ciocalteau reagent was obtained from Nacalai Tesque, Inc. (Kyoto, Japan). DPPH (2, 2-diphenyl-1-picrylhydrazyl) was purchased from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). Catechin, trolox, DNS (3, 5-dinitrosalicylic acid), and lipase were purchased from Sigma-Aldrich Co., LLC. (Tokyo, Japan). Glucose and glycine were purchased from Kanto Chemical Co., Inc. (Tokyo, Japan). Lecithin was purchased from Avanti Polar Lipids, Inc. (Alabaster, USA). The other reagents were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Sample Preparation
The miso product was manufactured by a method for industrial producing rice miso. First, soybean and kidney bean of each 1.25 kg were soaked in water for 16 hours at room temperature (beans: distilled water = 1: 3 (w/w)). Then, autoclaved soaked bean (KT-3045, ALP Co., Ltd., Japan) for 20 min at 110°C. After preparing paste by crushing the steamed beans, mixed (KN1500, Taisho electric MFG. Co., Ltd., Japan) with rice-malt (2.5 kg), salt (1 kg), some seed water, and seed miso (400 g). The mixture was packed in pickle barrels (Shinkigosei Co., Ltd. Japan) and fermented at 30°C. As mentioned above, rice miso with red bean (RMRB) and rice miso with buckwheat (RMBW) were manufactured in the same way. The products were sampled for analysis at 0, 3, 6, 24, 36 months (M) after fermentation.
Extraction and Fractionation
Polyphenol in the miso were extracted by the method of Saito [13] . Each miso sample (5 g) were mixed with 20 mL of 80% v/v ethanol, vortexed, and ultrasonicated for 30 min. The suspension was then centrifuged at 1,006 ×g for 10 min. As mentioned above, the same operation was repeated twice. Then, mixed with 20 mL of 70% v/v acetone and the aforementioned process was repeated thrice to take the extract as mixture extract. After that, according to the Ikeda's method [14] , the mixture extract was concentrated by rotary evaporation in vacuum, and constant volume to 20 mL with distilled water. Then, added the same amount of n-hexane and ethyl acetate to delaminate the solution. Subsequently, a part of water-soluble fraction was purified by chromatography through Diaion HP-20 column. The column was washed by distilled water and then eluted by methanol.
Melanoidin Content Determination
The content of melanoidin was determined by the method of Martins [15] . Briefly, 0.02 M of glucose and glycine were dissolved by 0.1 M phosphate buffer (pH 6.8), and heated at 120°C for 2 hours. Then, the solution was placed in a dialysis membrane (14000 MWCO, UC 36-32-100; EIDIA Corporation, Japan) and dialyzed against distilled water (7 days). The dialysate was lyophilized for 48 hours, and took as melanoidin standard. The absorbance was measured at 450 nm. The results were expressed as the mg melanoidin equivalents (ME) per gram DW miso (y = 63.855x + 0.4273, R = 0.9994).
Polyphenol Content Determination
The content of polyphenol was determined using the method of Folin-Ciocelteau [16] with slight modifications. Each sample (100 μL) was mixed with 300 μL of distilled water, 400 μL of 50% Folin-Ciocelteu reagent, and 400 μL of 10% Na 2 CO 3 aqueous solution. The reaction solution was incubated at 30°C for 30 min, and centrifuged at 1,006 ×g for 10 min. The absorbance was measured at 760 nm, and results were expressed as the mg catechin equivalents (CE) per gram DW miso (y = 11.834x -0.9597, R = 0.9969).
DPPH Radical-scavenging Activity Assay
The DPPH radical-scavenging activity was determined by the method of Brand-Williams [11] . The extract (50 μL) was added to a microplate and mixed with 100 μL of 99.5% v/v ethanol and 150 μL DPPH solution. The solution was kept in the dark for 15 min after which its absorbance was determined at 520 nm by a microplate reader. Ten-fold diluted 2 mM trolox was used as the standard and the results were expressed as μmol trolox equivalents (TE) per gram DW miso (y = -13.555x + 30.842, R = 0.9977).
α-Glucosidase Inhibitory Activity Assay
α-Glucosidase inhibitory activity was determined by the improved DNS method [12] . A mixture of 0.5 mL of sample extract with different concentration (0.1, 0.2, 0.3 g) and 0.5 mL of the α-glucosidase solution was preincubated at 37°C for 10 min to prepare solution I. A mixture of 50 μL of 0.4% sucrose solution, 625 μL of 0.1M Na 2 PO 4 buffer (pH 6.8) and 125 μL of 1% NaCl was pre-incubated at 37°C for 10 min to prepare solution II. Then, 200 μL of solution I was mixed with solution II and incubated at 37°C for 30 min. The enzyme reaction was stopped by adding 125 μL of 2 N NaOH (added 2 N NaOH before incubation for blank). DNS solvent (1%, 125 μL) was added and reacted in boiling water bath for 10 min. Absorbance was measured at 540 nm. Standard curves were using glucose calibration, and expressed as α-glucosidase inhibition (%).
where A sample is the absorbance of the mixture of sample, sucrose solution, enzyme and DNS solvent; A blank is the absorbance of the mixture of sample, sucrose solution and DNS solvent without enzyme; A control is the absorbance of the mixture of buffer (instead of sample), sucrose solution, enzyme and DNS solvent; A test is the absorbance of the mixture of buffer (instead of sample), sucrose solution and DNS solvent without enzyme.
Lipase Inhibitory Activity Assay
Lipase inhibitory activity was determined by the improved method of Han [17] . The substrate solution was prepared by adding 10 mg lecithin, 80 mg triolein, and 5 mg cholic acid to 9 mL TES buffer (pH 7.0), and sonication. Add 240 μL of sample extracts with different concentration (0.1, 0.2, 0.3 g), 80 μL lipase solution and 80 μL substrate solution into a glass tube, incubate at 37°C for 30 min. Then, add 2 mL copper reagent and 4 mL chloroform, stir and centrifuge at 1,006 ×g for 5 min. Transfer 2.4 mL of chloroform layer to a new glass tube and add 400 μL of 0.1% DDTC-butanol solution and measure the absorbance at 440 nm. Standard curves were using linoleic acid, and expressed as lipase inhibition (%).
where A sample is the absorbance of the mixture of sample, substrate solution, enzyme and DDTC-butanol solvent; A control is the absorbance of the mixture of buffer (instead of sample), substrate solution, enzyme and DDTCbutanol solvent.
Statistical Analysis
The experiments were repeated at least three times. Data were expressed as means ± standard deviation. Significant differences were determined by one-way ANOVA and Fisher's test (SAS v. 7.1, SAS Institute Inc., Cary, NC, USA). Differences were considered to be significant at Р < 0.05.
Results and Discussion
DPPH Radical-scavenging Activity in Rice Miso Products Extract
The DPPH radical-scavenging activity of four rice miso products extracts shown in Table 1 . DPPH radical-scavenging activity of rice miso products was increasing with prolonging the fermentation period. Furthermore, as comparing with RM (rice miso; as control), DPPH radical-scavenging activity of RMKB, RMRB and RMBW shown significantly higher in 3 M, 6 M, 24 M and 36 M, respectively. Many studies reported the deep-colored coat of legumes had higher polyphenol content and antioxidant activity [18, 19] . Therefore, we estimate that the antioxidant activity of deep-colored bean retains a high level after fermentation. Abbreviations: M, month; DW, dry weight; RMKB, rice miso with kidney bean; RMRB, rice miso with red bean; RMBW, rice miso with buckwheat; RM, rice miso. Data represent the mean ± SD from at least three independent studies. Values within a column followed by different capital letters and values within a row followed by different small letters are significant at p < 0.05.
DPPH Radical-scavenging Activity, Melanoidin and Polyphenol Content in Methanol Fraction after HP-20 Column
The extracts from RM and RMKB were purified by HP-20 column, and methanol fraction was obtained for the following experiments. The DPPH radical-scavenging activity was significantly increasing with prolonging the fermentation period, and the highest value was in 24 months. However, comparing with RMKB-24M (7.1 μmol/g DW miso), RMKB-36M (5.7 μmol/g DW miso) was significantly decreased ( Figure 1A) . Melanoidin produced from an amino acid-sugar model system have been associated with the formation of compounds with strong antioxidant activity [20] . From 24 months, melanoidin content of miso products may be decreased with rice miso products fermentation, and resulting in DPPH radical-scavenging activity was decreased. Therefore, and rice miso product fermented at 24 months was a better process to produce high antioxidant profiles. 
Journal of Food and Nutrition Research
The melanoidin content shown in Figure 1B . The melanoidin content was increasing with prolonging the fermentation period, and the highest value was in RMKB-24M (18.6 mg/g DW miso). Moreover, we found positive relationship between melanoidin content and DPPH radical-scavenging activity (correlation coefficient; R = 0.9427). The antioxidant activity is increasing with the prolonging the wheat miso fermentation period, and greatly involved with produced coloring component [21] .
Moreover, methanol fraction after HP-20 column was analyzed polyphenol content ( Figure 1C) . The highest polyphenol content was in RMKB-24M (3.2 mg/g DW miso). There was also positive relationship between polyphenol content and DPPH radical-scavenging activity (correlation coefficient; R = 0.9570). The polyphenol content of perilla miso product is increasing with DPPH radical-scavenging activity [22] . Isoflavones in fermented soybean have a strong antioxidant activity [23] . Moreover, with the prolonging fermentation period, the ratio between melanoidin and polyphenol content were from approximately 3:1 to 6:1, and melanoidin ratio was increased. Therefore, we concluded comparing with polyphenols, melanoidin was the mainly antioxidant component in rice miso products.
Enzyme Inhibitory Activity of RMKB
α-Glucosidase inhibitory activity of RMKB was shown in Table 2 . α-Glucosidase inhibitory activity was significantly increasing with prolonging fermentation period, and the strongest inhibition was in RMKB-24M. It has reported that other fermented soybean products have α-glucosidase inhibitory activity [24] . Glucose-amino acid model MRPs showed stronger α-glucosidase inhibitory activity [25] . Abbreviations: M, month; DW, dry weight; RMKB, rice miso with kidney bean. Data represent the mean ± SD from at least three independent studies. Values within a column followed by different capital letters and values within a row followed by different small letters are significant at p < 0.05.
Lipase inhibitory activity of RMKB was shown in Table 3 . Lipase inhibitory activity of RMKB was the similar trend with α-glucosidase inhibitory activity. Polymeric melanoidins exhibit serum cholesterol-lowering action, intestinal lactic acid bacteria improving action [26] . Brown pigment in soybean paste (miso) have strongly anti-trypsin activity except sugar digesting enzyme activity in vivo experiments [27] . Therefore, rice miso adding with kidney bean leads to an increase in the inhibitions of α-glucosidase and lipase, and the components have enzyme inhibitory activity in RMKB-24M were polyphenol and melanoidin. However, melanoidin and polyphenol are in a mixed state, we will clarify the strength of inhibitory activity of melanoidin and polyphenol in the future. Abbreviations: M, month; DW, dry weight; RMKB, rice miso with kidney bean. Data represent the mean ± SD from at least three independent studies. Values within a column followed by different capital letters and values within a row followed by different small letters are significant at p < 0.05.
Conclusion
In the present study, we detected DPPH radicalscavenging activity, melanoidin and polyphenol content, α-glucosidase inhibition and lipase inhibition in rice miso products with different fermentation periods. Comparing with RM, RMKB had significantly higher in DPPH radical-scavenging activity, melanoidin and polyphenol content, and those were increasing with prolonging the fermentation period. However, the ratio between melanoidin and polyphenol content was from 3:1 (RMKB-0M) to 6:1 (RMKB-24M), and the ratio of melanoidin content was increased with prolonging the fermentation period. Therefore, the melanoidin was the main antioxidant component rather than polyphenol in rice miso products. In addition, there were stronger α-glucosidase and lipase inhibitions in RMKB-24M, and we presumed to be a synergy of polyphenol and melanoidin.
Rice miso as a traditional Japanese food, the adding with kidney bean could improve antioxidant activity and enzyme inhibitory activity. These observations also might provide important information for further research on developing health benefits of rice miso.
